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0 Enhanced amperometrlc sensor. 

© An amperometric sensor comprises a working electrode, a reference electrode, an enzyme whose catalytic 
^activity on a substrate results in electroactivity, and an enhancer compound which enhances the detected 
^electroactivity. 

s 

CO 
CO 
CO 



Q. 

UJ 



Xerox Copy Centre 



EP 0 368 474 A2 



ENHANCED AMPEROMETRIC SENSOR 



Background of the Invention 
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The present invent relates* ^SSSS «"3S ^SS^ 
Electrochemical sensors, and ^^^JSS^m others. Such sensors are based on 
European Patent Specifications 78636, 125137 and JM8W. transfer, and can be used to 

enzyL systems, optionally with etectron transfer, £ JjJ^J^^ or substances intro- 
detect, tor example, naturally occurn ng m f^^ u a f^~* 1 sys , e m is set up so that there is 
auced to the body such as alcohol or a drug In J**"^™^ i the concentration of analyte 
a response at the amperometric '^^^Xm^ described ,0f ***** 

sis r^rr^^^ i — — - * a 

^nr^drr^ - — - — can be 

used to give a quantitative rvalue of the analyte level ab|e sensor fQr g|ucose> M 

a ample WM of eontomtng -J ^SeS tfnC™S*o «*». Tn. .« 

ao the assay reaction. . . rtM ha ..eed in such an amperometric sensor, 

^ More" generally, with some enzyme .^^Xby^ is an inhibitor of the 

there is a problem that the product denved ^%**^%1Z activity, leading to a reduction in 
enzyme. When the product inhibits the enzyme there .s reduced enzyme 
the charge transfer which might otherwise be obtained. 
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Objects of the Invention 



„«»» * a aubataato. A ^'«^ , iC?rii!S » ihando- c«*»o»l « «" 



45 system. 



50 



Summary of the Invention 

to lead to an Incroesed tfgni M ^^^l^elno amor cr.npn.lng . .ondng electrode, a 
£und which oonanooa the deteottd McmdMii. 
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Preferred Embodiments of the Invention 

In a preferred aspect, the amperometric assay system involves enzyme action on a substrate, and the 
enhancer compound reacts with the product to increase the current. 
5 For example, the enhancer compound can serve to react with inhibiting or interfering compounds 
present in the system, including inhibiting compounds produced by enzyme action on the substrate. In this 
latter respect, the present invention is particularly appropriate for use with enzyme/substrate combinations 
where the enzyme is being employed to drive an equilibrium reaction in an unfavourable direction. In the 
invention, the removal of the product by further reaction with the enhancer compound has the effect of 
10 pulling the equilibrium in the desired direction. 

In another example, the enhancer compound can serve to react with an electroinactive compound 
present in the system, in order to convert it to an electroactive compound. In this respect the present 
invention is particularly appropriate for use with enzyme/substrate combinations where the enzyme acts on 
a substrate to give an electroactive compound. As part of the amperometric detection, such a compound is 
75 converted to an electroinactive compound. The enhancer compound can regenerate an electroactive 
compound, leading to increased current 

In many situations, when testing for suitable enhancer compounds, we have found that it is readily 
possible to obtain a false negative result Specifically, we have found that there is the possibility that the 
enhancer compound might react not only with the intended component, but also with the enzyme itself. 
20 With such an enhancer compound, the possible enhancement of current is frustrated by accompanying 
reaction of the enhancer compound with the enzyme. Overall, the effect is to negate the current increase 
which might otherwise be achieved with the adoption of the enhancer compound. 

The present invention seeks to avoid this problem, by presenting the enhancer compound in such a 
manner that it can react with the intended component but effectively not with the enzyme. This end can be 
25 achieved by separating the enhancer compound from the enzyme. 

To this end, the enhancer compound can be contained, for example, in one or more extra, porous 
layers, such as an overlay, of the strip. The one or more extra layers can be made, for example, of 
cellulose, nylon, polyester or other man-made fibres. The porosity can be selected as desired, for example 
in order to let through whole blood or to let through plasma or serum. The enhancer layer is preferably 
30 coated with surfactant such as a non-ionic surfactant, and effectively serves to pull the plasma or serum 
through to the electrodes. 

For preference, the layer containing the enhancer compound is of cellulosic paper. The nature of the 
paper is not critical, but typically it is a cellulose paper such as those available for the manufacture of tea- 
bags or for the manufacture of indicator papers. The selected material can be impregnated or otherwise 
35 coated with a solution of the enhancer compound. 

The paper or other overlay with the enhancer compound can be used in conjunction with other 
overlying layers. For instance, a protective mesh can be employed on the outer face of the sensor. The 
mesh is preferably coated with surfactant in order to wet the sample over the face of the target area sensor, 
while acting as a preliminary filter and protecting the underlying layers. The mesh can be of polymer, for 
40 example nylon or polyester, and the surfactant is typically a non-ionic surfactant more especially a 
polyoxyethylene derivative. 

In fabricating a sensor of the present invention, the existing knowledge can be taken into account 
concerning enzymes, enzyme substrates, etc. In this respect reference is made, for example, to the 
published European Patent Specifications in the name of MediSense, Inc (formerly Genetics International 
46 Inc), and related literature, such as the book Biosensors Fundamentals and Applications, eds Turner, 
Karube and Wilson, OUP 1 987. 

The electrochemical sensor is preferably one which involves amperometric detection, and preferably 
utilizes a strip element, especially a throw-away dry strip. Accordingly the sensor electrodes preferably 
comprise electrode areas formed for instance by screen printing, spraying, or other suitable deposition 
so technique. 

For preference, a disposable test element carries a working electrode incorporating the appropriate test 
reagents for generation of a current indicative of the level of analyte, and a reference electrode. Typically, in 
the test element the test reagents are in one or more carbon-based layers. The respective carbon mixtures 
are applied on to a conductive track on a support, for example in close proximity to a reference electrode 
55 mixture connected to a second track. In this way, a sensor is produced which is capable of working with a 
small sample of blood or other liquid covering the effective electrode areas. The mixtures can be suitably 
applied by screen printing. 

In a particularly preferred embodiment, the present invention provides a dry strip sensor which 
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S area for optimised contact by a liquid sample. e|ectrod6 similar t0 the 

Furthermore, in a variation in accordance wrth thte ""J™™ electrode . Such a third electrode 
w orKin U g electrode but lacking me •--"^Xr^rt is subtracted from charge 
can lead to more reliable results, in that If charge passed anj ^ q{ 

„ pSsed at the working electrode, then the ^f^S'^ ,^ adhesive can be screen printed or 
in a typical manufacturing procedure of a P r f ,er ^^" s ° r ' followe d by placement and adhes.on 
othel e applied around the sample target area ^J^XTmesh can be positioned over the 
STL area of paper coated with the "^eWally to the test element in order to 

Chancer layer and held in place by an insulation pnm appmw g rea d-out device. 

20 both the sample target area and "^^^^ M react with inhibiting 

20 TheTresent invention is illustrated by the use of rt inven tion relates to an 

products of enzymatic reaction. In parser. *^^Smi the detection of ethyl alcohol as a 
alcohol sensor, where typically an alcohol dehydrogenase tunc« is ^ product. In the 

tubsfraft. in contrast to the typical enzyme reaction fJ^^ZZ h yde. The enzymatic activity of the 
«n!or me alcohol dehydrogenase converts alcohol (ethanol) ^ceteidenya in can be 

25 ££££ £ accompanied by reduction ^^^eZn transter compound, such as a 
StecWby transfer of charge from an electrode wrth he u ^ an ^ „ mad9 t0 j Am Cham Soc 

with change in the concentration of aiconoi. Lac* 

an analytical sensor for alcohol. investigated with the aim of improving tne 

Removal of acetaldehyde by chemical means has beer '™ e ^ i(W8 yielded , itt l9 improve- 

lln eaTof the assay. Trials with Schrtfs ^^ ^0 ^ diamines gave elevtfed current 
mint Assavs using buffers incorporating alcoho and stmpw we incorporated in the working 

3s cr-; r=ri« - — — 01 

cal activity- , the oresent invention relates to a paracetamol sensor. For the 

JiaiS^^a'ft paracetamol which 
Thus, in a specific aspect, this invention ^ ffl ^S treatment. A suitable enhancer 

55 emptoya an enhancer compound to TJ^JJ^o^ nature * *" IW "^Jl? 
confer a parac^^^ 9> cysteine. 
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Without being bound by theory, it is hypothesised that the electrochemical detection of paracetamol 
ordinarily proceeds in accordance with the following reaction scheme, resulting in formation of electroactive 
p-aminophenol which is converted to electroinactive quinoneimine: 

5 0. 

.... ! ... UH. 
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CMinon* imira 



It is then further hypothesised that in the presence of a thiol compound R-SH, the quinoneimine is 
converted to an electroactive p-aminophenol substituted with a thio group -SR, which in turn forms an 
electroinactive substituted quinoneimine, and so on as shown in the following reaction scheme: 
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Regardless of hypothesis, it is observed that higher currents and more reliable results are achieved 
when the thiol compound R-SH is present in the assay system. 

The present invention is thus particularly appropriate for use with enzyme/substrate combinations where 
the electroactive product of the enzyme reaction can be converted back to an electroactive compound by 
the enhancer after the redox reaction at the working electrode gives an electroinactive compound. In the 
invention, the generation of fresh electroactive compound gives the desired enhancement of response. 



Examples of the Invention 

The present invention is illustrated by the following Examples. 
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Example 1 . m EP1 84895. Multiple test 

reference electrode. ™ 0 , soluti on of 0.5-2.5% su rf actant. « ^ w targ et area of each 



p^mpiA 2 (Comparative) 
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(a) Test elements subdividing a sheet of pvc 

overpr lA/ae fimoloved: 



overprinted to "7 - 

following print mix was employed, 

2.25 g carbon powder 
1.5 g gelling agent 
0 225 a surfactant 
0 225 g electron transfer compound 
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40 



unsuitability for analytical use. 

(b) Test elements with diamine • electrode formulation of 

Example 2 at concentrations ot an 

imple3 l0 o /e w / v solution of 

7— — — ** *• - - " ' 
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ethylenediamine in 0.2 M BES buffer at pH 7.5 and then allowing them to dry. They were then placed over 
strips produced as described in Example 2(a), and alcohol solution applied to the test area. These showed 
enhanced currents and a more linear response, indicating that a layering approach may well be successful. 
Initial optimization work involved finding a suitable and reproducible method for placing the coated layer 
5 over the alcohol strip. This work involved printing an aqueous-based glue around the target area of the strip 
. followed by placement and adhesion of the coated layer over this area. A nylon mesh was then placed over 
the diamine layer and held in place by a final insulation print. 



w Example 4 

A range of diamines was obtained, as follows: 
1 . 2,5-diaminopyridine dihydrochioride 
2. 1,2-diamino-2-methylpropane 
is . 3. 1,3-diaminopropane dihydrochioride 

4. 3,5-diaminobenzoic acid dihydrochioride 

5. 1 ,2-diaminopropane 

6. m-xyiylenediamine 

7. ethylene diamine 

20 Initial studies involved preparing a range of concentrations of the compounds in buffers at pH 6.5 and 
7.5 and adding various amounts of alcohol. These were tested on strips produced as described in Example 
2(a), and were shown to produce enhanced currents (up to 80 mA). 

Further studies were performed to evaluate the most effective of the diamine compounds for removing 
acetaldehyde from the reaction mixture solutions. These experiments were performed at both pH 6.5 and 

25 7.5. 

Of the compounds tested the following potencies were obtained:- 
compound (2) > compound (3) > compound (5) ■ compound (7) 
Compound (2), 1 ,2-diamino-2-methylpropane, is therefore preferred. 

The data, when considered in conjunction with the results obtained by adding aJcohol/diamine solutions 
so to strips produced as described in Example 2, showed a trend. There was a correlation between 
effectiveness of the compound and the ability to form 5- or 6-membered ring structures. 

This might be attributable to the fact that the reaction between the diamine and acetaldehyde is a two 
step mechanism: 

1) Initial attachment of the free amine on to the carbonyl carbon of acetaldehyde. 
35 2) Ring closure to form a 5 or 6 membered ring system. 

If step (1) is reversible, but step (2) is not reversible, then the effectiveness of the diamines can be 
rationalised. The potency of Compound (2) Is then due to the steric orientation of the -Nhb groups in 
juxtaposition which gave improved complexation ability. 

40 

Example 5 

A cellulosic tea-bag material (Schoeller and Hoesch 121) was dip coated in a 10% solution of 1,2- 
diamino-2-methylpropane buffered at pH 7.5, containing 1% (by vol) of a polyoxyethytene-alkyl ether 
45 surfactant. The material was air dried for 12 hours at room temperature before being placed over the 
working electrode. It was held In position by an adhesive which was screen-printed on the periphery of the 
working electrode of a test element prepared in accordance with Example 2(a). 

In Figure 2, the results (a) with this electrode are compared with the results (b) for the electrode without 
overlay. The data demonstrate that the use of an overlay gives a more linear calibration. 



Claims 

1 . An amperometric sensor which comprises a working electrode, a reference electrode, an enzyme 
55 whose catalytic activity on a substrate results in electroactivity, and an enhancer compound which enhances 

the detected electroactivity. 

2. A sensor according to claim 1, wherein the enhancer compound reacts with a product of the enzyme 
activity. 
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3 A sensor according to claim , — . - — — « * " — ~ " 

' MsLnl in on*, to convnn il to an «MCt«; »"P««J • „ 9iv e an *ow«*» 

7 A senses acoordtoa » «"» P"*** < ^*7i~L| v nol ** »» 

" -2KB jcssjss-* • — * ^ data ' 
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